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AMORPHOUS ALLOY STENTS 

5 FIELD OF THE INVENTION 

The present invention relates to stents made of bulk-solidifying amorphous alloys and 
methods of making such articles. 

BACKGROUND OF THE INVENTION 

10 Stents are small and expandable tubulur members, which are inserted into clogged 

blood vessels to restore proper blood flow, or to treat other damaged passageways or lumens 
in the body, like bronchi or the esophagus. In turn, placing a stent implant (stenting) is often a 
catheter-based procedure. In the example of vascular stenting, a catheter is used to place a 
stent into a diseased artery to maintain the vessel patency after balloon angioplasty. In 

15 another application, covered stents (called stent-grafts) are also used to treat aneurysms, 
including abdominal aortic aneurysms. In a stent-graft procedure, the physician prevents 
blood from filling the aneurysm (bulge in artery) by placing a stent graft at the aneurismal 
site. 

Generally there are two classes of stents: balloon-expanded stents, and self -expanding 

20 stents. Balloon expanded stents are initially small enough to enter the body lumen easily and 
are fitted over a collapsed balloon. The stent is then expanded through plastic deformation as 
the balloon is inflated. After inflation, the stent is in tight approximation to the lumen wall. 
The specific design of the stent struts (mesh segments) is optimized to provide a flexible, 
unexpanded structure that can track through the body cavities during insertion, and a patent 

25 lumen after expansion. Self-expanding stents are naturally sized for tight fit in the target 
lumen, but held in a compressed state during delivery through the body lumens to the target 
site. Once the self-expanding stent is located at the target lumen site, then the stent is release 
and allowed to spring back to its natural, expanded size. Design considerations similar to 
those followed with balloon-expanded stents are used in the design of a self-expanding stent. 

30 The self-expanding stent must track through the vasculature in the collapsed state and fit the 
lumen when expanded to provide patency. The struts of the self-expanding are designed to 
elastically deform during compression and return to a predetermined final shape. Those can 
be made of a wire-mesh or a specially designed pattern of slots or apertures. 

Specific stent strut structures include wire-mesh, specially designed pattern of slots or 

35 apertures, coiled springs, helical wound spring coil, expanding forms in a zig-zag pattern, 
diamond shaped, rectangular shaped, and other mesh and non-mesh designs. Stents come in 
different sizes and designs depending on the many factors. Some of the factors include: 1) the 
size of the artery in consideration; 2) where the blockage is located; 3) the extent of the 
blockage; 4) the extent of blockage in other arteries; 5) the strength of the heart muscle; and 
6) the interaction of the implanted stent with the vascular (or target lumen) physiology. 
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Despite the number of different considerations used in the designing a stent, the 
variety of materials used is quite limited. For example, stainless steel is the most common 
5 metal used for stents although, nitinol is also gaining wide-spread acceptance. 

The quality of stent's function can be measured in terms of acute performance and 
chronic performance. Acutely, the stent keeps the lumen wall from recoiling after balloon 
expansion, and keeps dissected flaps from causing acute closure at the angioplasty site. 
Chronic performance of a stent is gauged by the degree of restenosis (re-blockage) in the 
10 treated lumen. Restenosis is considered to be a proliferative cellular response to the injury 
caused during angioplasty and stent implantation. Approximately 20 percent of stents close 
(restenose) within six months of placement. 

Improving stent performance can be measured against several other criteria: 1) 
designing smaller diameter stents (less than 2.5 millimeters) for smaller vessels; 2) custom- 
15 designing stents for an optimal fit; 3) designing stents for multiple sites within the same 
artery (including stents with side branches); and 4) providing effective coating of stents with 
anticoagulants and antiproliferation agents. 

Unfortunately, current materials used in stents are not readily adaptable to many of 
these desired improvements. The limitations of the current stent materials include both 
20 limited fabricability, and non-optimal physical and mechanical properties. For example, the 
mechanical properties of stainless steel and nitinol depend on the history of thermo- 
mechanical process history. As such, various fabrication and finishing steps can result in 
inconsistent or inferior physical and mechanical properties. Furthermore, the physical and 
mechanical properties of current materials are not generally sufficient for the development of 
25 new novel stent designs, such as stents having diameters less than 2.5 mm. 

Accordingly, a need exists for a new class of materials to address the material and 
fabrication deficiencies of current materials as well as to provide options and tailorable 
properties for the various demands of stents. 

30 SUMMARY OF THE INVENTION 

The current invention is directed to stents made of bulk-solidifying amorphous alloys 
and methods of making such stents. 

In one embodiment of the invention, the stent is made of a bulk-solidifying 
amorphous alloy. In one preferred embodiment of the invention, the stent is made of Zr/Ti 
35 base bulk-solidifying amorphous alloy. 

In another embodiment of the invention, the stent has a hexagonal or round cross- 
section. 

In still another embodiment of the invention, the stent is a coiled spring, helical 
wound spring coil, zigzag pattern, diamond shaped, and other mesh and non-mesh designs. 
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In yet another embodiment of the invention, the wall of the stent has multiple aperture 
openings. 

5 In still yet another embodiment of the invention, the stent is braided to improve 

flexibility in longitudinal direction and strength in radial direction. 

In still yet another embodiment of the invention, the percentage of vessel covered by 
the stent is between 9 to 20%. 

In still yet another embodiment of the invention, the percentage of vessel covered by 
10 the stent is more than 80%. 

In still yet another embodiment of the invention, the stent is porous in the form of 
wire, tube or metal sheet, used for treating vasculature disease by delivering medication to the 
implant site. 

In still yet another embodiment of the invention, the bulk solidifying amorphous alloy 
15 component of the stent is coated with anticoagulants (preventing the formation of a blood clot 
in the stent) and/or chemotherapeutic drugs to potentially minimize restenosis. 

In still yet another embodiment of the invention, the stent contains at least one drug is 
loaded into the pores. 

In still yet another embodiment of the invention, the cover tubes is porous and 
20 contains medicine or other substances to improve the performance of the stent. 

In still yet another embodiment of the invention, the stent is a covered stent in which 
the stent is covered with a tube or multiple tubes made of metal, biodegradable material, 
plastic or other material. 

In still yet another embodiment of the invention, the stent is a covered stent in which 
25 the stent is covered with a tube or multiple tubes made of metal, biodegradable material, 
plastic or other material and which are impregnated with an anticoagulant and/or 
chemotherapeutic drags to potentially minimize restenosis. 

In still yet another embodiment of the invention, the stents are coated with radioactive 
material, or other bioactive substances to improve the performance of the stent. 
30 In still yet another embodiment of the invention, the stent is made up of two or more 

tubular stent segments which may be deployed together so to produce a single axial length by 
a provision of overlapping or abutting areas. In such an embodiment the cross section of the 
stent may vary according to the blood vessel. 

In still yet another embodiment of the invention, the stent is to be self-expanding and 
35 therefore does not need a separate angioplasty balloon for its expansion. 

In still yet another embodiment of the invention, the stent has branches that support 
multiple vessels at a bifurcation. 

In still yet another embodiment of the invention, the wall thickness of the stent is less 
than 0.5 mm, and preferably less than 0.25 mm. 
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In still yet another embodiment of the invention, the stent covering has different 
porosities in different regions. In those regions, typically the ends, where tissue ingrowth and 
5 re-endothelialization are desired, the stent covering is more porous, and in those regions were 

it is desirable to inhibit such in growth, the stent covering is substantially non-porous. 

In still yet another embodiment of the invention, the pore diameter is between 30 to 
120 micrometers. 

In still yet another embodiment of the invention, the distance between the pores is 
10 about 3 times the diameter of the pore. 

In still yet another embodiment of the invention, the stent has a filter in which the 
filter membrane is comprised of a fine mesh material that has a pore size capable of blocking 
emboli while allowing continued blood flow. 

In still yet another embodiment of the invention, the stent is a stent graft or 
15 intraluminal graft. 

In still yet another embodiment the invention is directed to a method of forming a 
stent. In one such embodiment, a molten piece of bulk-solidifying amorphous alloy is cast 
into near-to-net shape for a stent component or as a precursor to a stent component. In 
another preferred embodiment of the invention, a feedstock of bulk-solidifying amorphous 
20 alloy is heated to around the glass transition temperature and formed into a near-to-net shape 
component for a stent or as a precursor to a stent component. 

In still yet another embodiment of the invention, the surface of the stent is modified 
by chemical treatment. In such an embodiment, the chemical treatment may use a mixed 
aqueous solution of hydrofluoric acid or nitric acid or sodium hydroxide, or a thermal 
25 treatment under in-air oxidation, or a combination of the aforementioned treatments. 

In still yet another embodiment, the invention is directed to a method of duplicating 
desired morphological features onto the surface of the stent. 

In still yet another embodiment of the invention, the fabrication process compromises 
creating a pattern of slots or apertures in a flexible metallic tubular member, by processes 
30 including but not limited to, electrostatic discharge machining (EDM), chemical milling, 
ablation and laser cutting. These slots or apertures may be cut completely or partially through 
the wall of the flexible metallic tubular member. 

In still yet another embodiment of the invention, the fabrication process compromises 
a finishing process which includes electro-polishing or chemical etching to provide a highly 
35 polished and smoothed surface. 

In still yet another embodiment of the invention, the stent strut design provides for a 
specific amount of elastic deformation. 
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In still yet another embodiment of the invention, the stent strut design is such that 
some strut segments are elastically deformed when collapsing the stent to a compact size and 
other strut segments remain undeformed. 

In still yet another embodiment of the invention, specific stent strut design permits 
certain segments to be elastically deformed more than other stent strut segments. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other features and advantages of the present invention will be better 
understood by reference to the following detailed description when considered in conjunction 
with the accompanying drawings wherein: 

Figure 1 shows a schematic of one embodiment of a stent design according to the 
current invention. 

Figure 2 shows a schematic of a second embodiment of a stent design according to the 
current invention. 

Figure 3 shows a schematic of a third embodiment of a stent design according to the 
current invention. 

Figure 4 shows a schematic of a fourth embodiment of a stent design according to the 
current invention. 

Figure 5 shows a flow chart of one exemplary embodiment of a method of forming 
stents in accordance with the current invention. 

Figure 6 shows a flow chart of another exemplary embodiment of a method of 
forming stents in accordance with the current invention. 

DETAILED DESCRIPTION OF THE INVENTION 

The current invention is directed to stents made of bulk-solidifying amorphous alloys. 
Stents, in their expanded form, are generally designed to sustain substantial flexural strain in 
the longitudinal direction, and ability to carry load in radial direction. Even though, 
sophisticated designs are utilized to improve such desired characteristics of the stents, the 
metals and alloys currently used to manufacture the stents show major shortcomings, 
especially for the stents of smaller diameter. 

Applicants have discovered that bulk-solidifying amorphous alloys have general 
characteristics, which can be tailored to be particularly useful in stent applications. These 
characteristics, as will be shown below, make bulk-solidifying amorphous alloys uniquely 
suited as a new class of materials for use in stents. 

Bulk solidifying amorphous alloys are a recently discovered family of amorphous 
alloys, which can be cooled at substantially lower cooling rates, of about 500 K/sec or less, 
and substantially retain their amorphous atomic structure. As such, these materials can be 
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produced in thickness of 1.0 mm or more, substantially thicker than conventional amorphous 
alloys of typically 0.020 mm which require cooling rates of 10 5 K/sec or more. Furthermore, 

5 these alloys are capable of showing glass transition and form an extended super-cooled liquid 
regime before the onset of the crystallization. For example, these alloys have typically a AT 
(temperature range between the glass transition and the onset of crystallization) of 50°C or 
more and up to 100° or more for specific compositions. As such they can be deformed to 
significant extent with ease under very small stress. Furthermore, bulk-solidifying amorphous 

10 alloys have high yield strength and good corrosion resistance. Exemplary alloy materials are 
described in U.S. Patent Nos. 5,288,344; 5,368,659; 5,618,359; and 5,735,975 (the 
disclosures of which are incorporated in their entirety herein by reference). 

One exemplary family of bulk solidifying amorphous alloys can be described as 
(Zr,Ti) a (Ni,Cu, Fe)b(Be,Al,Si,B) c , where a is in the range of from 30 to 75, b is in the range of 

15 from 5 to 60, and c in the range of from 0 to 50 in atomic percentages. Furthermore, those 
alloys can accommodate substantial amounts of other transition metals up to 20 % atomic, 
and more preferably metals such as Nb, Cr, V, Co, Ta, Mo, W. A preferable alloy family is 
(Zr,Ti) a (Ni,Cu)b(Be)c, where a is in the range of from 40 to 75, b is in the range of from 5 to 
50, and c in the range of from 5 to 50 in atomic percentages. Still, a more preferable 

20 composition is (Zr,Ti) a (Ni,Cu)b(Be) c , where a is in the range of from 45 to 65, b is in the 
range of from 7.5 to 35, and c in the range of from 10 to 37.5 in atomic percentages. Another 
preferable alloy family is (Zr) a (Nb,Ti) b (Ni,Cu) c (Al)d, where a is in the range of from 45 to 
65, b is in the range of from 0 to 10, c is in the range of from 20 to 40 and d in the range of 
from 7.5 to 15 in atomic percentages. These bulk-solidifying amorphous alloys can sustain 

25 strains up to 1.5 % or more and generally around 1.8 % without any permanent deformation 
or breakage. The yield strength of bulk solidifying alloys range from 1.6 GPa and reach up to 
2.5 GPa and more exceeding the current state of the Titanium alloys. 

Another set of bulk-solidifying amorphous alloys are ferrous metals (Fe, Ni, Co) 
based compositions. Examples of such compositions are disclosed in U.S. Patent No. 

30 6,325,868; (A. Inoue et. al., Appl. Phys. Lett., Volume 71, p 464 (1997)); (Shen et. al., Mater. 
Trans., JIM, Volume 42, p 2136 (2001)); and Japanese patent application 2000126277 (Publ. 
# .2001303218 A), all of which are incorporated herein by reference. One exemplary 
composition of such alloys is Fe7 2 Al5Ga2PiiC6B 4 . Another exemplary composition of such 
alloys is Fe72Al7ZrioMo5W2Bis. Although, these alloy compositions are not processable to the 

35 degree of the above-cited Zr-base alloy systems, they can still be processed in thicknesses 
around 1.0 mm or more, sufficient enough to be utilized in the current invention. Similarly, 
these materials have elastic strain limits higher than 1.2% and generally around 1.8 %. The 
yield strength of these ferrous-based bulk-solidifying amorphous alloys is also higher than the 
Zr-based alloys, ranging from 2.5 GPa to 4 GPa, or more. 
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In general, crystalline precipitates in bulk amorphous alloys are highly detrimental to 
the properties of bulk-solidifying amorphous alloys, especially to the toughness and strength 

5 of these materials, and, as such, such precipitates are generally kept to as small a volume 
fraction as possible. However, there are cases in which, ductile crystalline phases precipitate 
in-situ during the processing of bulk amorphous alloys, are indeed beneficial to the properties 
of bulk amorphous alloys, and especially to the toughness and ductility of the materials. Such 
bulk amorphous alloys comprising such beneficial precipitates are also included in the current 

10 invention. An exemplary composition of such alloy is Zr56.2Tii3.sNb5.oCu6.9Ni5.6Bei2.5 in 
atomic percentages. This alloy has a low elastic modulus of from 70 GPa to 80 GPa 
depending on the specific microstructure of ductile-crystalline precipitates. Further, the 
elastic strain limit is 1.8% or more and the yield strength is 1.4 GPa and more. 

Although a number of bulk solidifying amorphous alloy compositions are described 

15 above, the alloy can also be preferably selected to be free of Ni or Al or Be in order to 
address high sensitivity or allergy of specific population groups to such metals. 

The unique advantage of utilizing bulk solidifying amorphous alloys is not a single 
specific property, but rather the simultaneous existence of a set of properties. Furthermore, 
these properties can be obtained in various design packages with a high degree of 

20 fabricability, especially for the components of small dimensions as found in stents. As such, 
these alloys show their advantage best in smaller stent dimensions such as for the stents of 
6.0 mm or less in diameter, and especially for the stents of under 3.0 mm in diameter. 

First of all, bulk-solidifying amorphous alloys have typically 50 % or much more 
higher yield strength than conventional alloys of its constituent elements. For example, a 

25 titanium base crystalline alloy (such as Ti-6-4) has a yield strength typically around 850 MPa, 
whereas Ti-base amorphous alloys have a yield strength around 1900 Mpa and higher. 
Secondly, bulk solidifying amorphous alloys have a very high elastic strain limit, which 
characterizes a material's ability to sustain strains without permanent deformation. Typically 
bulk-solidifying amorphous alloys have elastic strain limits of around 1.8 % or higher. The 

30 combination of very high yield strength and very high elastic strain limit provides a unique 
advantage of designing stents with high load carrying ability in radial directions and 
meanwhile sustain very high flexural strains in longitudinal directions. 

In a typical stent application in the body, stents are inserted in a very compact 
package to facilitate the aiding of insertion and movement to the desired position in the 

35 vessel. Then, the stent is expanded into its operational shape in two distinct methods. In the 
first method, generally used for stainless steel or pure titanium, the stent is plastically 
deformed into its operational shape by means of an angioplasty balloon. In the other method, 
generally reserved for shape-memory alloys such as Nitinol, the stent expands by the aid of 
self "memory energy" put into the stent package utilizing the shape memory effect of specific 
phase transformation property for these alloys. The latter stents are called self-expanding and 
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preferred due to such ability, which eliminates the need for operation of a separate 
angioplasty balloon to expand the stent. 

5 In either case, the yield strength of stent material is generally under 1 GPa. 

Accordingly, the stents are made with larger wall-thickness to provide resistance and load 
carrying ability in radial directions so that restenosis forces from the vessel can be 
counteracted. However, this is not desirable, as the stent will have a high form factor (the 
form factor is defined for the radial direction as the ratio of the area of open space (scaffolded 

10 area) to the area covered by stent wall thickness). Generally, for stent diameters of 3.0 mm or 
less, this becomes a more critical issue that, where the form factor of stent becomes 
unacceptable for practice when conventional stent metals and alloys are used. Even though, 
there exists some metals and alloys with very high yield strengths exceeding 1 GPa, (such as 
maraging steel), these alloys are not deemed useful due to fabricability issues in complex and 

15 small geometries, as well as corrosion and bio-compatibility issues. Furthermore, such alloys 
provide major problems in packaging stents into compact shapes for delivery since they do 
not have shape-memory 

The use of bulk-solidifying amorphous alloys allows the production of stents with a 
smaller form factor (utilizing the higher yield strength of bulk-solidifying amorphous alloys), 

20 and a packaging method utilizing the truly mechanical elastic behavior of the material. For 
example, the higher yield strength of bulk-solidifying amorphous alloys can be utilized to 
make stents with smaller wall thicknesses, while maintaining an acceptable radial structural 
integrity. Meanwhile, this smaller wall thickness can be beneficially utilized, in turn, to 
facilitate a stent structure that is more flexible in a longitudinal direction. Furthermore, the 

25 smaller wall thickness greatly facilitates the packaging of stents into a compact geometry, as 
such, various prior art stent designs can be more effectively utilized. For example, Figure 1 
to 4 show a variety of exemplary conventional stent designs that might be formed using a 
bulk-solidifying amorphous alloy according to the present invention including: mesh designs, 
as shown in Figures 1 and 2, and non-mesh designs, such as helical coils and rolls as shown 

30 in Figures 3 and 4. 

Moreover, new novel stent designs can be developed to readdress old applications and 
to newly address new stent applications and designs. For example, Figure 4 shows a 
collapsed stent with locking mechanisms 10 and 11, which when expanded interlock to 
maintain the desired shape of stent. In addition, to more complicated stent designs, these 

35 properties, along with the added benefit of various fabrication methods unique to bulk- 
solidifying amorphous alloys, makes the development of stents with diameter of under 3.0 
mm more feasible. 

Accordingly, in one embodiment of the current invention a stent is fabricated from a 
bulk solidifying amorphous alloy with a yield strength of at least 1.5 GPa or more, preferably 
with a yield strength of 2.0 GPa or more, and most preferably with a yield strength of 3.0 
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GPa or more. Additionally, the bulk solidifying amorphous alloy is selected such that the 
elastic strain limit is 1.5 % or higher and more preferably 1.8 % or higher. In the delivery 

5 package, the stent is compacted (or compressed) by mechanical forces such that the bulk 
solidifying amorphous alloys is strained up to 1.0 % or higher, and preferably 1.5 % or 
higher, but not exceeding its elastic strain limit. (Herein, the strain is intended for the stent 
material and not the strain of the overall geometry). Subsequent to the stent insertion, the 
retaining mechanical forces are released and the stent self-expands to reduce the strain below 

10 0.5 % and preferably below 0.25 %, meanwhile exerting an outward scaffolding pressure to 
the vessel. 

Although a number of potential bulk-solidifying amorphous alloys are discussed 
above, Zr/Ti base bulk-solidifying amorphous are preferred due to their excellent 
paramagnetic characteristics (lack of ferromagnetism) and better bio-compatibility. 
15 Paramagnetic characteristics are desired for MRI (magnetic-resonance imaging) 
compatibility. Zr-base bulk-solidifying amorphous alloys are further preferred as they 
generally have more robust processability characteristics, which allows a better ability to 
form these materials into the necessary sophisticated designs. 

Ferrous-base bulk-solidifying amorphous alloys may also be used and are preferred 

20 

for their relatively higher yield strength of 3.0 GPa or more. Ferrous alloys are preferably 
selected such that they have enough alloying non-magnetic alloying elements to retard the 
ferro-magnetic properties of Fe and Ni to provide MRI compatibility. One such preferred 
element for retarding ferro-magnetism in ferrous alloys is Manganese. Another preferred 
element is Copper. Zr and Ti can also be utilized effectively as alloying additions to retard 

25 

ferro-magentism in such ferrous base alloys, provided sufficient leeway is given to preserve 
the ability of bulk-solidification of the final alloy into an amorphous structure. 

Another important characteristic, which can be tailored with using bulk solidifying 
amorphous alloys, is radio-opacity. This is highly desirable during the application or 
placement of a stent in order to locate stent location and length more precisely using 
fluorescence imaging. Zr-base bulk-solidifying amorphous alloys are preferred for better 
radio-opacity than Ti-base alloys. Further, elements of high atomic numbers, such as Ta, Hf, 
W can be quite readily added as alloying additions into Zr-Ti base alloys for improved radio- 
opacity. Furthermore, these elements (Hf , Ta, W) of high atomic number can further be used 
gg as partial replacements for lower atomic number elements such as Zr, Nb, and Mo, 
respectively, to provide better radio-opacity. Pd can also be used as a replacement for Ni or 
Co to improve radio-opacity. Due to the unique atomic structure, such alloying additions 
and/or replacements can be more readily used in bulk solidifying amorphous alloys, without 
sacrificing other beneficial properties mentioned above, unlike conventional metals and 
alloys. 
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It is also possible to form micro-structured surface morphologies by design using 
bulk-solidifying amorphous alloys. Such microstructures can be in the shape of pores, which, 

5 for example, aid drug coating and carrying. Herein, the pores are differentiated from slots and 
apertures and are rather defined as surface depressions and do not necessarily pass all the way 
through the wall thickness of the stent. The unique amorphous atomic microstructure of these 
materials responds uniformly to the forming operations of micron and sub-micron scales 
making it possible to form features within the desirable morphological ranges. This is in 

10 distinct contrast to conventional metals and alloys, where the microstructure of the material is 
characterized by crystallites (individual grains typically with dimensions of few to several 
hundreds microns), each of which has different crystallographic orientation and, as such, 
responds non-uniformly to shaping and forming operations. 

The micro-structured surface morphology according to the current invention can be 

15 produced in two alternative ways. In a first exemplary method, as outlined in Figure 5, the 
surface morphology can be simultaneously formed during the fabrication of stent components 
by casting methods. In such an embodiment the mold surfaces used in the casting operation 
can be pre-configured to have the negative impression of the desired surface microstructure 
so that the bulk-solidifying amorphous alloy replicates such features upon casting. The 

20 relatively low melting temperature of bulk-solidifying amorphous alloys and the lack of any 
first-order phase transformation during the solidification readily enables the replication of 
micron sized mold features during the casting of the stent components. Such a process is 
highly desirable as several steps of post-finishing and surface preparation operations can be 
reduced or eliminated. 

25 In an alternative exemplary method, as outlined in Figure 6, a pre-fabricated stent 

component made of bulk-solidifying amorphous alloy is subjected to a surface micro- 
structuring process at around the glass transition temperature of the bulk-solidifying 
amorphous alloy material. In such an embodiment, the fabricated stent component is heated 
to around the glass transition temperature and pressed against a mold having the negative 

30 impression of the desired surface microstructure. As the bulk solidifying amorphous alloy 
will readily transition into a viscous liquid regime upon heating, the replication of the desired 
surface morphology can readily take place. In this embodiment of the method, bulk- 
solidifying amorphous alloys with a large ATsc (supercooled liquid region) is preferred. 
Bulk-solidifying amorphous alloys with a ATsc of more than 60 °C, and still more preferably 

35 a ATsc of 90 °C and more are desired for a high-definition surface micro-structuring. One 
exemplary of such alloy having ATsc of more than 90 °C is Zr47TigNiioCu7.5Be27.5. (ATsc is 
defined as the difference between Tx (the onset temperature of crystallization) and Tsc (the 
onset temperature of super-cooled liquid region). These values can be conveniently 
determined by using standard calorimetric techniques such as by DSC measurements at 
20 °C/min). 
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Once a suitable stent component is fabricated into a near-net shape, further fabrication 
processes such as electrostatic discharge machining (EDM), chemical milling, ablation, and 

5 laser cutting can be utilized to cut slots or apertures completely or partially through the wall 
of the flexible metallic tubular member. Such processes, when properly applied, will not have 
any significant effect on the above mentioned beneficial mechanical properties. Furthermore, 
final-finishing operations such as electro-polishing or chemical etching as well as anodizing 
can be applied to provide a highly polished and smoothed surface. Such processes have added 

10 advantage in the bulk solidifying amorphous alloys that, the uniformity of the microstructure 
to the atomic level will facilitate the effective use of such operations without any such 
deficiencies which are found in crystalline alloys due to crystalline directions and preferential 
etching. 

Finally, various casting processes, such as metal mold casting and investment casting 
lu can be utilized to fabricate stent components of bulk-solidifying amorphous alloys employing 
sufficiently fast cooling rates. Small form-factor tubular stent members can be readily 
produced with very high yield strengths of 1.5 Gpa and higher. Furthermore, utilizing 
processes such as investment casting, highly intricate and customized stent components can 
be cast. Such as-cast components will have a very high yield strength exceeding 1.5 Gpa and 

20 

an exceptionally high elastic strain limit of 1.5% or higher without any subsequent thermo- 
mechanical processes or heat treatment. 

The preceding description has been presented with reference to presently preferred 
embodiments of the invention. Workers skilled in the art and technology to which this 
invention pertains will appreciate that alterations and changes in the described structure may 

25 

be practiced without meaningfully departing from the principal, spirit and scope of this 
invention. 
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WHAT IS CLAIMED IS: 

5 1. A stent of a radially compactable generally tubular body comprising a bulk- 

solidifying amorphous alloy, wherein the alloy is subjected to an elastic strain of at least 
1.0% in a compacted form of the stent. 

2. The stent described in claim 1, wherein the amorphous alloy has an elastic 
10 strain of at least 1.5%. 

3. The stent described in claim 1, wherein the amorphous alloy has an elastic 
strain of at least 1.5%, and a yield strength of more than 1.4 Gpa. 

15 4. The stent described in claim 1, wherein the amorphous alloy has an elastic 

strain of at least 1.8%, and a yield strength of more than 1.9 Gpa. 

5. The stent described in claim 1, wherein the amorphous alloy is subjected to an 
elastic strain of at least 1.5% in a compacted form of the stent. 

20 

6. The stent described in claim 1, wherein the amorphous alloy is subjected to an 
elastic strain of at least 1.8% in a compacted form of the stent. 

7. The stent described in claim 1, wherein the amorphous alloy is subjected to an 
25 elastic strain of less than 0.5% in an expanded form of the stent. 

8. The stent described in claim 1, wherein the amorphous alloy has a delta T of 
greater than 90°C. 

30 9. The stent described in claim 1, wherein the amorphous alloy is a Zr/Ti base 

bulk-solidifying amorphous alloy. 

10. The stent described in claim 1, wherein the stent has a cross-section selected 
from the group consisting of hexagonal and round. 

35 

11. The stent described in claim 1, wherein the body comprises a plurality of 
pieces arranged in a conformation selected from the group consisting of coiled spring, helical 
wound spring coil, zigzag pattern, diamond shaped, and non-mesh designs. 
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12. The stent described in claim 1, wherein the wall of the body has a plurality of 
aperture openings. 

13. The stent described in claim 1, wherein the body covers between 9 and 20% of 
a vessel into which the stent is implanted. 

14. The stent described in claim 1, wherein the body covers at least 80% of a 
vessel into which the stent is implanted. 

15. The stent described in claim 1, wherein the body comprises at least two 
tubular segments which overlap or abut to form a single tubular body. 

16. The stent described in claim 1, wherein the stent is self-expanding. 

17. The stent described in claim 1, wherein the body is branched. 

18. The stent described in claim 1, wherein the body has a wall thickness of less 
than 0.5 mm. 

19. The stent described in claim 1, wherein the body has a wall thickness of less 
than 0.25 mm. 

20. The stent described in claim 1, wherein the stent is one of either a stent graft 
or intraluminal graft. 

21. A method of forming a stent, comprising: 
providing a molten piece of bulk-solidifying amorphous alloy; 
providing a mold in the shape of a desired stent component; 

casting the molten amorphous alloy into a plurality of near-to-net shape stent 
components; 

assembling a stent from the stent components; and 

compacting the stent radially to form a compacted stent, wherein the amorphous alloy 
piece is subjected to an elastic strain of at least 1.0% during compacting. 

22. The method as described in claim 21, further comprising finishing an outer 
surface the stent, wherein the finishing is selected from a process selected from the group 
consisting of electro-polishing and chemical etching. 
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23. The method as described in claim 21, further comprising modifying an outer 
surface of the stent by a treatment selected from the group consisting of chemical treatment, 
thermal treatment, and a combination thereof. 

24. A method of forming a stent, comprising: 
providing a feedstock a bulk-solidifying amorphous alloy; 

heating the feedstock to around the glass transition temperature of the amorphous 

alloy; 

providing a mold in the shape of a desired stent component; 

molding the molten amorphous alloy into a plurality of near-to-net shape stent 
components; 

assembling a stent from the stent components; and 

compacting the stent radially to form a compacted stent, wherein the amorphous alloy 
piece is subjected to an elastic strain of at least 1.0% during compacting. 

25. The method as described in claim 24, further comprising finishing an outer 
surface the stent, wherein the finishing is selected from a process selected from the group 
consisting of electro-polishing and chemical etching. 

26. The method as described in claim 24, further comprising modifying an outer 
surface of the stent by a treatment selected from the group consisting of chemical treatment, 
thermal treatment, and a combination thereof. 

27. A method of forming a stent comprising: 

providing a tubular body made of a bulk-solidifying amorphous alloy; 

processing the tubular body to form a pattern of surface features therein, wherein the 
surface features extend at least partially through the wall of the body; and 

compacting the stent radially to form a compacted stent, wherein the amorphous alloy 
is subjected to an elastic strain of at least 1.0% during compacting. 

28. The method as described in claim 27, wherein the processing includes a 
manufacturing method selected from the group consisting of electrostatic discharge 
machining (EDM), chemical milling, ablation and laser cutting. 

29. The method as described in claim 27, further comprising finishing an outer 
surface the stent, wherein the finishing is selected from a process selected from the group 
consisting of electro-polishing and chemical etching. 
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30. The method as described in claim 27, further comprising modifying an outer 
surface of the stent by a treatment selected from the group consisting of chemical treatment, 
thermal treatment, and a combination thereof. 
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Figure 5 
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